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Description 



[0001] The present invention relates to the synthesis of lithiated nickel dioxide, substantially free of contaminants 
capable of decomposing electrochemically at cell voltages to produce gaseous decomposition products, particularly 
lithium hydroxide and l.thium carbonate. Secondary electrochemical cells incorporating lithiated nickel dioxide as the 
cathode-active mater.al are also disclosed, and in particular, lithium nickel oxide cathode active cells with carbonaceous 
rnnnlf ^' r0deS - lhema ^ stable li,niated nickel dioxide and methods of making same are also disclosed 
[0002] Electrochemical cells useful as electrical storage batteries usually incorporate a metal^ontaining anode and 
a cathode including an active material which can take up ions of the metal. An electrolyte incorporating ions of the 
metal is disposed in contact with the anode and the cathode. During discharge of the cell, metal ions leave the anode 
enter the ^ctrolyte and are taken up in the active material of the cathode, resulting in the release of electrical energy 
Provided that the reaction between the metal ions and the cathode^ctive material is reversible, the process can be 
reversed by applying electrical energy to the cell. If such a reversible cathode-active material is provided in a cell having 
the appropriate physical configuration and an appropriate electrolyte, the cell can be recharged and reused Recharge- 
able cells are commonly referred to in the battery art as "secondary- cells ' 
[0003] It has long been known that useful secondary cells can be made using a light alkaline metal such as sodium 
potassium and particularly, lithium, as the source of the metal ions exchanged between the anode and cathode through 
the electrolyte. These metals are particularly useful in combination with a cathode-active material that is a sulfide or 
oxide of a transition metal, i.e., a metal capable of assuming plural different valence states. In the past, these alkaline 
metals such as lithium have been used in electrochemical cells in their pure metal state as the cell counterelectrode 
in combination w.th the transition metal cathode-active material. It is common knowledge that water reacts violently 
with alkaline metals such as sodium, potassium and lithium in their pure metal state 

[0004] Secondary lithium cell researchers have sought to develop a rechargeable lithium cell containing no metallic 
lithium. Cells have been developed using instead of a lithium metal counterelectrode. a lithium intercalation host that 
operates near the potential of lithium. 

[0005] Replacing lithium metal counterelectrodes with lithium intercalation host counterelectrodes removes the re- 
strictions lithium metal counterelectrodes place upon cell design and choice of electrolytes and also the adverse effect 
lithium metal places upon cycling performance and safety in the finished cell. However, a source of lithium must still 
be supplied to the cell for exchange between the counterelectrode and cathode^ctive material through the electrolyte 
This can be done by assembling cells with a sacrificial strip of lithium placed in electrical contact with the counterelec- 
trode so that when electrolyte is added, the lithium is consumed by reacting with the intercalation host material of the 
counterelectrode. However, this wastes space and reduces cell capacity. Furthermore, while this method is advanta- 
geous to the extent that no lithium metal remains in the finished cell, the method still requires the handling of lithium 
mete during cell manufacture. Therefore, complicated measures are still required to prevent contact by the lithium 
metal with ambient moisture and other sources of water. 

[0006] A preferred solution would be to use a cathode-active material which already contains the required lithium 
However many cathode-active host materials, such as MoS 2 , are extremely reactive when intercalated with lithium' 
more so than lithium metal. Lithium metal at least can be exposed to dry air for several hours because it develops 
protective surface passivating layers. Reactive cathode-active intercalation hosts can only be handled under inert 
atmospheres. This would make manufacturing more complicated than the procedures presently used with lithium metal 
and prohibitively expensive. 

[0007] The reactivity of lithiated cathode-active intercalation hosts, however, decreases as their voftage vs Li/Li+ 
increases, and at sufficiently high voltages they become air stable. Table I lists the free energy change in units of eV 
per Li atom, for lithium reacting with atmospheric gases, which can also be interpreted as the voltages (vs Li/LM above 
which lithium in a cathode-active intercalation host will not react with the respective gases and hence be air stable 
The information contained in this table indicates that in order to be air stable, a lithiated cathode^ctive intercalation 
host should have a voltage of at least about three volts vs. Li/Li*. While this table indicates that for stability under 
carbon diox.de even higher voltages are required, at least about four volts vs. Li/Li*, ambient concentrations of carbon 
diox.de are relat.vely low and some reaction with carbon dioxide can be tolerated. However, the higher voltages pro- 
viding carbon dioxide stability are also desirable as a means of increasing the energy storage capacity of the cell 



TABLE I 



Free Energy change ( G) for Li reactions in air 


Reaction 


G (eV/Li atom)* 


2Li(s) + C0 2 (g) 1/20 2 (g) -> Li 2 C0 3 (s) 


3.82 



* for T - 25°C, and partial pressures of 101 kPa (1 atrn). 
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TABLE I (continued) 



Free Energy change ( G) for Li reactions in air 


Reaction 


G (eV/Li atom)* 


2Li(s) +1/20 2 (g)->Li 2 0(s) 
Li(s) + H 2 0 -> LiOH(s) +1/2H 2 (g) 
3Li(s) + 1/2N 2 (g) -> Li 3 N(s) 


2.91 
2.09 
1.85 



* for T a 25°C, and partial pressures of 101 kPa (1 aim). 



10 

[0008] There is, however, an upper voltage limit for potential lithiated cathode-active materials, namely the maximum 
cathode potential that can be sustained by the electrolyte and cell hardware. At present, the hardware at cathode 
potential is the limiting factor. Aluminum is the most corrosion-resistant and can sustain up to 4.2 volts vs. Li/Li + . 
Therefore, candidate lithiated cathode-active intercalation host materials should have sufficient reversible capacity in 

75 the range of about 3 to about 4.2 volts. 

[0009] Among the lithiated cathode-active materials within this voltage range is lithiated nickel dioxide. Capacity 
measurements over the voltage range of electrochemical secondary cells assembled with lithiated nickel dioxide indi- 
cate that this compound is a commercially feasible cathode-active material. Such a cathode-active material would be 
useful in both lithium-free cells using a lithium intercalation host counterelectrode, as well as in conventional lithium 

20 cells. 

[0010] Japanese published Patent Application 63-121 ,260 and European Patent Application Publication No. 243,926 
disclose the preparation of lithiated nickel dioxide for use in lithium batteries by the solid state reaction of powdered 
nickel carbonates and/or oxides at temperatures in excess of 850°C in air. Japanese Published Patent Application 
60-74,272 discloses a nickel hydroxide coating electrochemically oxidized in a lithium hydroxide solution to obtain a 

25 "lithium doped nickel oxide" that is then heat treated at 450°C for one hour. 

[0011] U.S. Patent No. 4,567,031 discloses the preparation of lithiated nickel dioxide for use as a cathode .active 
material having the formula L^Ni^ wherein x is between 0.1 and 1.1, y is between 1.1 and0.1 and z is between 1.9 
and 2.1, by co-crystallizing or co-precipitating a stoichiometric solution of an oxygen -containing lithium salt and an 
oxygen-containing nickel salt. The resulting mixed salt is calcined at 400-500°C in a stream of air or a stream of carbon 

30 monoxide and carbon dioxide. The low temperature calcination is disclosed as producing a high surface area powder. 
Japanese Published Patent Application 6319,761 discloses the preparation of lithiated nickel dioxide by the anodic 
oxidation of nickel hydroxide in an aqueous solution of lithium hydroxide. The lithiated nickel hydroxide is then washed 
in hot water and heated at 200°C for two hours to dry the material and drive off water to form the nickel dioxide. Lithiated 
nickel dioxide cathode-active material having the formula L^NiyOg, with x less than one and y about equal to one, is 

35 also disclosed in U.S. Patent No. 4,302,518. 

[0012] Published European Patent Application No. 345,707 discloses the preparation of lithiated nickel dioxide for 
use as a cathode-active material having the formula LiyNi 2 . y 0 2 with 0.84 < y < 1 .22, made from lithium hydroxide and 
nickel oxide, pulverized and mixed in stoichiometric ratio and heated in air to a temperature between 600 and 800°C. 
An excess of lithium hydroxide is used to compensate for volatilization of this material at the heating temperature. The 

40 material is disclosed as being useful as a cathode-active material for secondary cells. 

[001 3] Electrochemical cells having lithiated nickel dioxide as the cathode-active material typically have poor cycling 
capacities. In addition, lithiated nickel dioxide is thermally unstable when lithium is de-intercalated upon charging of 
the cell. The de-intercalation forms Li Vx Ni0 2 . As x approaches 0.5, the nickel approaches an unstable 4 + valence, and 
the material releases oxygen when heated. If a charged cell is welded on the positive electrode and local heating of 

45 the Li 0 5 Ni0 2 occurs, oxygen can be liberated in the presence of the cell electrolyte solvent, which is driven above its 
flashpoint, resulting in an explosion. 

[0014] Even when care is taken not to thermally release oxygen from the lithiated nickel dioxide charged cells, there 

is a tendency for gaseous products to accumulate with cycling, leading to a hazardous pressure buildup. 

[0015] A lithiated nickel dioxide cathode-active material is needed having improved cycling capacity, thermal stability, 

50 and free from the evolution of gaseous products with cycling. 

[001 6] These needs are met by the present invention. It has now been discovered that lithiated nickel dioxide cathode- 
active material having the formula Li x Ni 2 . x . y M y 0 2 , with x being between about 0.8 and about 1 .0, M being one or more 
metals selected from cobalt, iron, titanium, manganese, chromium and vanadium, and y being less than about 0.2, 
with the proviso that y is less than about 0.5 for cobalt, has improved cycling capacity over the existing art. The lithiated 

55 nickel dioxide can be obtained by heat treating a substantially homogeneous dry intermediate mixture of a starting 
material containing NiO, Ni(OH) 2 or mixtures thereof, and optionally including one or more oxides or hydroxides of a 
transition metal selected from cobalt, iron, titanium, manganese, chromium and vanadium, together with about a 10 
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to about a 25/. stoichiometric excess of LiOH at a temperature above about 600°C in an atmosphere substantially 
tree of carbon dioxide and having a partial pressure ratio of oxygen to water vapor greater than about 15, and then 
removing from the heated mixture any LiOH or LUC0 3 present, to a level below 20 000 PPM for the sum of these 
compounds resulting in a BET surface of less than about 3.0 m2/g. 

[0017] Because the improved cycling capacity of the lithiated nickel dioxide cathode-active material is maintained 
when up to about 20% of the nickel is replaced by one or more transition metals selected from cobalt, iron, chromium 
titanium, manganese, and vanadium, and up to about 50% of the nickel can be replaced by cobalt, for purposes of this 
disclosure, all Irthiated nickel dioxides, including those in which a portion of the nickel has been replaced by one or 
more transition metals are hereinafter referred to as lithiated nickel dioxides. 

[0018] It has further been discovered that lithiated nickel dioxide having improved thermal stability over the existing 
art can be provided by heat treating the intermediate mixture at a temperature above about 800°C so that lithiated 
nickel dioxide having a Brunauer-Emmett-Teller surface area of less than 2.0 m2/g is obtained 
2°!3- .W, hile , not bein 9 bound b V an V Particular theory, it is believed that the exceptionally good cycling capacity of 
the lithiated nickel dioxide of the present invention is due in part to the atomic structure of the material In LiNiQ> metal 
atom layers of substantially pure lithium and substantially pure nickel alternate between layers of substantially pure 
oxygen As x is decreased, nickel is incorporated into the lithium layers so that layers of substantially pure nickel 
attentate with layers of LLNi,.,,, with layers of substantially pure oxygen therebetween. Once x falls below about 0 6 
all metal atom layers are substantially equivalent, consisting of LLNi 2 . x . 

[0020] The presence of nickel atoms in the lithium layer apparently affects the ability of lithium to be de-intercalated 
and the capacity of the material suffers. By maintaining xin Li x Ni 2 . x . y M y 0 2 between about 0.8 and 1 .0. improved cycling 
capacity over the existing art is obtained. a 
l°°V ] ™! foreQoin 9 as P ects of ,he invention also incorporate the discovery that heating the intermediate mixture 
to about 600 c volitalizes some of the LiOH, resulting in a lowering of xin Li x Ni 2 . x . y M y 0 2 , and consequently, a reduction 
in the capacity of the material. It was also discovered that such heating of the mixture in the presence of carbon dioxide 
orms Li 2 C0 3 , which is not cathode-active and which scavenges lithium from the mixture, thereby lowering x in 
L. x N. 2 . x . y M y 0 2 . It was further discovered that heating the mixture in pure water vapor causes lithiated nickel dioxide to 
decompose into LiOH and NiO. This discovery recognized that the presence of water vapor is unavoidable because 
it is generated by the reaction of LiOH and NiO in the presence of 0 2 . However, by using about a 1 0% to about a 25% 
stoichiometricexcess of LiOH, and heating the intermediate mixture in an atmosphere substantially free of carbon 
diox.de and having a partial pressure ratio of oxygen to water vapor is greater than about 15, the loss of lithium and 
lowering of x in Li x Ni 2 . x . y M y 0 2 is minimized. 

[0022] The foregoing aspects of the invention also incorporate the discovery that LiOH and LUCO, when present 
in hthiated nickel dioxide, decompose electrochemically at cell voltages. The LiOH generates oxygen,' hydrogen and 
hydrogen peroxide, and the Li 2 C0 3 generates carbon dioxide and oxygen These predominantly gaseous products lead 
to pressure buildup in the cells. By minimizing the formation of LiOH and LuC0 3 and removing any LiOH and LUCO, 
present, the accumulation of gaseous products causing pressure buildup in cells is eliminated 
[0023] According to still yet another aspect of the present invention, a method is provided for making thermally stable 
tthiated nickel dioxide cathode-active material, having a BET surface area less than 3.0 m2/g, which method includes 
the steps of providing a substantially homogeneous dry intermediate mixture including NiO, Ni(OH) 2 or mixtures thereof 
and LiOH, and heating the mixture at a temperature above about 60fTC. Another aspect of the present invention 
provides a lithiated nickel dioxide cathode active material having improved thermal stability, which lithiated nickel di- 
oxide has a BET surface area of less than 3.0 rr^/g. 

[0024] The foregoing aspect of the invention incorporates the discovery that as the surface area of lithiated nickel 
dioxide decreases, the thermal stability of the material increases, which surface area can be controlled by selection of 
the reaction temperature at which the intermediate mixture is heated. The surface area of the resulting product de- 
creases as the temperature at which the mixture is heated increases. While not being bound by any particular theory 
it is beheved that the decreased surface area hinders the release of oxygen from the lithiated nickel dioxide so that 
longer heating times and higher temperatures are required to generate a quantity of oxygen sufficient to support com- 
bustion of the electrolyte solvent. At the temperature extremes and durations typically encountered, however, sufficient 
oxygen will not accumulate in the cell. 

[0025] Further aspects of the present invention provide electrochemical cells incorporating the improved cathode- 
active materials of the present invention, made by the aforementioned methods. The electrochemical cells have a non- 
aqueous electrolyte of a lithium salt dissolved in an organic solvent. The counter electrode used with the cathode- 
active material can be either a lithium metal anode or a carbonaceous electrode capable of reversibly incorporating 
lithium from the cathode-active material. Preferred cells according to these aspects of the invention provide superior 
energy storage capabilities both when fresh and after repeated cycling, without an accumulation of gaseous products 
that lead to hazardous pressure buildup. The cells are also thermal stable and do not explode when subjected to 
temperature extremes such as welding of the cell casing. 
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[0026] The foregoing and other objects, features and advantages of the present invention will be more readily un- 
derstood from the detailed description of the preferred embodiment set forth hereinbelow, taken in conjunction with 
the accompanying drawings 

[0027] FIG. 1 depicts reversible capacity vs. x in L^Ni^C^. 

5 [0028] A process according to one embodiment of the present invention provides for the preparation of L^N i2- x -y M y°2» 
wherein x is between about 0.8 and about 1 .0, M is one or more metals selected from iron, cobalt, chromium, titanium, 
manganese and vanadium, and y is less than about 0.2, with the proviso that y is less than about 0.5 for cobalt. This 
process utilizes as a starting material either nickel oxide, NiO, nickel hydroxide, Ni(OH) 2 or mixtures thereof. The 
starting material may also optionally include one or more oxides or hydroxides of transition metals such as iron, cobalt, 

10 chromium, titanium, manganese and vanadium. The starting material employed in the present process desirably is in 
fine particulate form, and most preferably has a mean particle size between about 1 micrometer and about 100 mi- 
crometers. 

[0029] In the first step of the process, the starting material is contacted with a saturated aqueous solution of lithium 
hydroxide. Either oxides or hydroxides of the starting materials may be used, because the hydroxides decompose to 

15 form oxides when sufficiently heated. The contacting step desirably is performed by continuously mixing the lithium 
solution with the particulate starting material so as to form a slurry. The water is then evaporated from the slurry while 
continually agitating the slurry so as to provide a substantially homogeneous intermediate mixture of lithium hydroxide 
and the starting material A preferred method is to spray dry the slurry by conventional spray-drying techniques. 
[0030] Alternatively, the intermediate mixture can be formed by heating the slurry to a temperature above the boiling 

20 point of the aqueous slurry, more preferably under a reduced atmospheric pressure. As the water is evaporated, the 
boiling point of the slurry increases and the temperature to which the slurry is heated should be increased to maintain 
the temperature at the boiling point. Preferably, the temperature is increased until a temperature of about 150°C is 
attained, which temperature should then be maintained. The evaporation and agitation steps are continued until the 
particles are substantially dried and each metal oxide or hydroxide particle receives a coating of lithium hydroxide. As 

25 used in this disclosure, the term "dry" means devoid of a distinct liquid phase. By contrast, the term "anhydrous" means 
free of either liquid or bound water. Because both lithium hydroxide and the metal oxides and hydroxides are heat- 
labile and generate water during heat-treatment, the dry intermediate mixture does not need to be anhydrous at this 
stage of the process. 

[0031] To provide an intermediate of uniform composition, it is important that all of the metal oxide or hydroxide 
30 particles be exposed to substantially the same conditions of lithium concentration during the water evaporation step, 
and particularly at the end of this step. Therefore, it is important that agitation be continuous, up to the end of the 
evaporation step, i.e., up to at least the point where the particles are substantially dry. The simple mixing of dry lithium 
hydroxide and metal oxide or hydroxide powder or the inadequate, non-continuous mixing of the slurry while the water 
is evaporated results in an intermediate mixture that is insufficiently homogeneous. 
35 [0032] The quantity of saturated lithium hydroxide solution and the metal oxides or hydroxides is selected so as to 
provide from about a 1 0 to about a 25% stoichiometricexcess of lithium hydroxide over the metal oxides or hydroxides. 
The substantially homogeneous intermediate mixture of lithium hydroxide and the metal oxides or hydroxides are then 
heat-treated at an elevated temperature under a drying atmosphere, i.e.. at atmosphere capable of taking up water 
vapor. The atmosphere used in the heat treatment step may be oxidizing or inert. Strongly reducing atmospheres 
40 adversely affect the product. Air is preferred for reasons of economy. The temperature employed in the heat -treatment 
step should be high enough to provide a reaction product of a substantially pure lithiated nickel dioxide substantially 
free of inclusions of unreacted lithium hydroxide or metal oxides or hydroxides. Accordingly, the temperature employed 
in the heat-treatment step should be above about 600°C, preferably above about 700°C, and most preferably above 
about 800°C. 

45 [0033] The atmosphere used in this heat-treatment step should be substantially free of carbon dioxide, because this 
gas can react with lithium hydroxide to form lithium carbonate, which is not heat-labile under these conditions. Any 
lithium carbonate formed would reduce the value of x in L^Nig.x.yMyOg and remain as an impurity in the final product, 
where it would electrolytically decompose at cell voltages with cycling to produce oxygen and carbon dioxide gaseous 
products that accumulate and lead to pressure buildup in the cells. 

so [0034] The lithium carbonate content of the lithiated nickel dioxide at the end of the heat-treatment step depends 
upon the partial pressure of carbon dioxide maintained in the atmosphere used in the heat treatment step, as well as 
during the mixing and drying of the slurry, because aqueous LiOH can be converted to L^CC^ if the slurry is contacted 
with carbon dioxide. This partial pressure should be as low as practical so as to provide a substantially carbon dioxide- 
free atmosphere so that the lithiated nickel dioxide produced has a relatively low lithium carbonate content at the end 

ss of the heat-treatment step, and so that the reduction of x in Li x Ni 2 . x . y M y 0 2 is minimized. Thus, the partial pressure of 
carbon dioxide in the atmosphere used in the heat treatment step is desirably below about 39.9 Pa (0 3 Torr), preferably 
below about 1 3.3 Pa (0.1 Torr) and most preferably below about 6.65 Pa (0.05 Torr). 

[0035] During the heat-treatment step, any moisture present in the substantially homogeneous intermediate mixture 
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should be driven off . Additional water vapor is generated by the heat treatment of lithium hydroxide and nickel hydroxide 

IT HZ ^ ? S , Wat , er Sh0U ' d alS ° b9 fem0Ved by the heaw ^tment atmosphere. Any water remaining would 
react with the lith.ated nickel dioxide, which would then decompose to form nickel oxide and lithium hydroxide- therefore 
the atmosphere used in the heat-treatment step should be maintained substantially free of water vapor. ' 
[0036] The lithium hydroxide contamination of the lithiated nickel dioxide is produced by an equilibrium reaction 
involving the reaction of the transition metal oxides or hydroxides in the presence of oxygen to form lithiated nickel 
dioxide and water vapor, which water vapor, if not removed, decomposes the lithiated nickel dioxide to re-form lithium 
hydroxide. This equilibrium reaction can be expressed as follows: 



Li x Ni 2 _ x - y M y 02 + S/2 H 2 0 Li >c .5Ni 2 _ x _ y M y 0 2 _ & 

+ SLiOH + 5/4 0 2 

[0037] Because the equilibrium reaction forms lithium hydroxide in the presence of water vapor and reacts lithium 
hydroxide in the presence of oxygen to form lithiated nickel dioxide, whether the lithium hydroxide produced by the 
decomposition of l,thiated nickel dioxide in the presence of water vapor will reform the lithiated nickel dioxide or remain 
as a contammant depends upon the partial pressure ratio of oxygen to water vapor in the atmosphere used in the heat 
reatmen step^As this ratio decreases, the amount of lithium hydroxide that remains increases and the value of x in 
L'xNi 2 .,<. y M y 0 2 decreases. Any lithium hydroxide formed would remain as an impurity in the final product where it would 
elec rolytically decompose at cell voltages with cycling to produce oxygen, hydrogen and hydrogen peroxide predom- 
inantly gaseous products that also accumulate and lead to pressure buildup in cells. Thus, the partial pressure ratio 
of oxygen to water vapor in the atmosphere used in the heat treating step is desirably above about 1 5, preferably above 
about 30, and most preferably above about 100. 

[0038] The intermediate mixture is desirably held at the heat treatment temperature for about one-half hour and 
preferably for at least about one hour. As temperatures increase, reaction time may be decreased 

!!!? 9] wf 6f I" rl at ' r !, a,ment SteP ' any ' i,hiUm carbonate formed or any lithium hydroxide remaining unreacted is 
removed from the lith.ated nickel dioxide produced. Preferably, any lithium carbonate or lithium hydroxide present is 
removed by a controlled water extraction. The extraction of lithium hydroxide and lithium carbonate from LLNi, M O, 
Z!do e a nH n L With Car I' b T hydr ° 9en reP ' aCe ' ithiUm t0 make L ^ H z Ni a-x- y M y 0 2 . Typically, the lithiumhy- 
™ ° na,e are rem ° Ved fr0m the li,hiated nickel dioxide b V with neutral water at a ratio 

of 300 g/l. The water and dissolved salts are removed by filtration and the filtrate is then dried at 600°C in air to eliminate 
the incorporated hydrogen. For every mole of incorporated hydrogen eliminated, one-half mole of oxygen is also lost 
from the hthiated nickel dioxide. In addition, the lithium displaced by the hydrogen in the water extraction step is not 
replaced. Therefore, it is important that the amount of hydrogen incorporated into the lithiated nickel dioxide during the 

cTnditanr" 0 " S,eP 69 keP ' t0 3 minimUm ^ keePi " 9 am ° Unt °' Wat6r US6d t0 8 minimum and by avoidin 9 acidic 

[0040] Alternatively, the filtrate can be dried by f reeze-drying utilizing conventional freeze-drying methods and the 

Z*«tT a l " t US ? d a f 3 Cath0de 3CtiVe maleria ' Li ~ H Z Ni 2-x- y M y 0 2 having z less than about 0.02 
works well as a cathode active material. 

[0041] The lithiated nickel dioxide obtained as a product of this process has the formula LLNi, , v Mn, with xbeinq 
between about 0.8 and 1.0, and preferabfy, between about 0.9 and 1.0. M is a transition metal selected Horn titanium 
chromium, manganese, iron, cobalt, and vanadium, and y is less than about 0.2 and preferably less than about 0 1 
with the proviso that y is less than about 0.5 for cobalt, and preferably less than about 0 25 
[0042] The lithiated nickel dioxide is substantially free of lithium hydroxide and lithium carbonate The lithium hydroxide 
content of the product lithiated nickel dioxide is desirabV below about 20,000 ppm by weight, preferably below about 
10,000 ppm, and most preferably below about 5.000 ppm The lithium carbonate content of the product lithiated nickel 
dioxide .s desirably below about 20.000 ppm by weight, preferably below about 1 0.000 ppm, and most preferably below 
about 5,000 ppm. 

[0043] The heat stability of lithiated nickel dioxide increases as the BET surface area of the material decreases The 
BET surface area of lithiated nickel dioxides can be controlled by selection of the temperature at which the reactants 
are heat treated. As heat-treatment temperature is increased, the surface area of the material decreases and the heat 
s ability increases This occurs for both the lithiated nickel dioxide material of the present invention obtained as a product 
of the within process, as well as for other lithiated nickel dioxides, including those having differing stoichiometry ob- 
tained from entirely different processes. " 

[0044] For the lithiated nickel dioxide of the present invention obtained as a product of the within process material 
made at 600°C has a BET surface area between about 5 and about 10 mVg. Material made at 800°C has a BET 
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surface area of less than 1 m 2 /g For the purpose of thermal stability, the lithiated nickel dioxide material of the present 
invention obtained as a product of the within process desirably has a BET surface area less than about 3 rr^/g. Pref- 
erably, the material has a BET surface area less than about 1 nr^/g. Even more preferably, the material has a BET 
surface area less than about 0.3 m 2 /g. 

5 [0045] The relationship of cycling capacity toxin Li x Ni 2 . x 0 2 is shown in FIG. 1 . which depicts the variation of reversible 
capacity, y, in Li x . y Ni 2 _ x 0 2 versus x. Curve 1 depicts cell capacity on the first charge to 4.0 V, and curve 2 depicts cell 
capacity on the first discharge to 2.0 V. As the value for x decreases, representing the incorporation of nickel in the 
lithium layers, the cell capacity suffers. The difference between the charging and discharging capacity of the cells also 
increases. This figure illustrates that cell capacity is maximized and the difference between charging and discharging 

io capacity is minimized when x is between about 0.8 and about 1 0 in Li x Ni 2 . x 0 2 . 

[0046] The lithiated nickel dioxide of the present invention, obtained as a product of the process within the claimed 
invention can be fabricated into a cathode structure by the techniques commonly utilized with other, particulate cathode- 
active materials. Thus, the lithiated nickel dioxide of the present invention may be suspended in a volatile liquid carrier 
together with a polymeric binder such as polyethylene oxide, polytetrafluoroethylene or other fluropolymers or a polymer 

is of ethylene propylene diene monomer, commonly referred to as EPDM. The suspension may be coated onto a suitable 
backing such as a metallic current collector foil, and the solvent may be evaporated so as to set the binder and provide 
a coherent layer of cathode-active material on the binder Desirably, a chemically inert, particulate electrically conductive 
material such as carbon black is incorporated in the suspension and hence interspersed with the active material of the 
cathode structure in the conventional manner. 

20 [0047] The cathode may be assembled in the conventional manner with a counterelectrode capable of intercalating 
lithium ions and with an electrolyte incorporating lithium ions to form a cell. Lithium metal counterelectrodes are suitable 
for use with the present invention. The preferred counterelectrode, however, is a particulate carbonaceous counter 
electrode, and may already have lithium metal intercalated therein. Preferably, the amount of lithium present in the 
cathode-active material is that quantity sufficient to saturate the counterelectrode upon charging of the cell. Thus, 

25 preferred cells according to the present invention will contain a cathode fabricated from the lithiated nickel dioxide of 
the present invention, and a carbonaceous counterelectrode, each capable of reversibly intercalating lithium ions and 
an electrolyte with which the cathode and counterelectrode are in mutual contact. Preferred materials for the carbon- 
aceous counterelectrode include graphitic carbons, preferably poorly graphitic carbons. Preferred poorly graphitic car- 
bons include coke, more preferably, petroleum coke. 

30 [0048] Merely by way of example, the electrolyte may be a solution of a lithium salt in a non-aqueous liquid solvent. 
Suitable lithium salts include LiAsF 6 , LiPF 6 , LSI, LiBr, LiBF 4 , LiAICI 4 , LiCF 3 C0 2 , LiCF 3 S0 3 and mixtures thereof. LiPF 6 , 
Lil and LiAsF e and mixtures thereof are preferred, whereas LiAsF 6 is most preferred. Suitable electrolyte solvents 
include organic solvents such as propylene carbonate, ethylene carbonate and mixtures thereof with or without addi- 
tional ingredients such as tetrahydrofuran, 2-methyl tetrahydrofuran, and dimethoxyethane (DME). When a lithium 

35 metal counterelectrode is used, the counterelectrode may be essentially pure lithium metal or may include an alloy of 
lithium with another metal such as aluminum, and the cell preferably incorporates means for applying pressure on the 
lithium counterelectrode at least during recharge, as disclosed in Canadian Patent No. 1,190,279. 
[0049] The lithiated nickel oxide of the present invention thus provides an air-stable source of lithium for cells that 
have lithium-intercalable counterelectrodes instead of metallic lithium counterelectrodes. This simplifies cell design 

40 and manufacture because it is no longer necessary to design cells to accommodate temporary lithium counterelec- 
trodes. nor is it necessary any longer to handle such electrodes. 

[0050] The following, non-limiting examples set forth hereinbelow illustrate certain aspects of the invention: 
EXAMPLE I 

45 

[0051] 2,000 g Ni(OH) 2 powder having a mean particle size of about 10 jim is mixed with 5,000 ml of a saturated 
(approximately 5N) aqueous solution of LiOH at room temperature to form a slurry. The slurry is fed at a rate of ap- 
proximately one cm 3 per second to a Niro atomizer spray drier, having an atomizing wheel spinning at 30,000 RPM. 
Atomized droplets of the slurry are ejected from the wheel into an airstream heated to a temperature of 250°C. The 

so droplets are dried in the airstream forming fine homogeneous particles that are collected. The dry, substantially homo- 
geneous intermediate mixture resulting from the spray drying is placed in a conventional oven heated to 800°C and 
held at 800°C for 1 hour The heat-treated mixture is then removed from the oven and rinsed with 6,600 ml of neutral 
H 2 0 and filtered to remove the H 2 0 and any dissolved lithium salts. The filtrate is then heated to 600°C for 4 hours. 
[0052] The product is assembled into a spiral wound AA cell with a lithium metal anode and an electrolyte of 1M 

55 LiAsF 6 in a propylene carbonate/ethylene carbonate electrolyte solvent blend. The cell is tested by charging and dis- 
charging within a voltage range between about 3 and about 4.0 volts. The rate of cycling corresponds to full discharge 
in ten hours followed by full discharge in ten hours. For the first charge, the specific capacity of the cathode-active 
material was 0.14 ampere-hours per gram. After the second discharge, the specific capacity is maintained over many 
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further charge/discharge cycles without pressure buildup. The specific capacity of prior art cells are generally in the 
range of 0.7 to 0.10 ampere hours per gram, as shown in FIG. 3 of U.S. Patent No 4,302,518. Cells incorporating the 
lithiated nickel diox.de of the present invention therefore demonstrate up to twice the reversible capacity of the existing 



art. 
EXAMPLE II 



[0053] Lith.ated nickeldioxide cathode-active material was prepared as in Example I, except that the dry, substantially 
homogeneous intermediate mixture is placed in a conventional oven and heated to600°C and held at this temperature 
tor 4 hours. The BET surface areas of the lithiated nickel dioxides of both Examples I and II are measured using a 
Quantasorb BET system. The surface areas are 0.3 rr^/g for the lithiated nickel dioxide of Example I, and 9 m2/q for 
the Irthiated nickel dioxide of Example II. The lithiated nickel dioxide of Examples I and II are assembled into 1225 coin 
1 S , Wlt » f.f? rb A on c aceous counterelectrode incorporating petroleum coke as the carbonaceous material and an elec- 
rolyte of 1M LiAsF .n a propylene carbonate/ethylene carbonate electrolyte solvent blend. Cells containing both ma- 
terials are charged to 3.9 volts. 

[0054] One cell from each set is disassembled and the lithiated nickel dioxide recovered. The lithiated nickel dioxide 
recovered ,s rinsed with DME to remove the electrolyte, and then dried at room temperature under a vacuum The 
value for y in Li 1 . y NiO a is determined to be 0.48 for each sample. Half the cells containing the 9 m2/g BET surface area 
lithiated n.ckel dioxide are discharged to 2.0 volts and one cell is disassembled, with the lithiated nickel dioxide recov- 

™«! T f ana ^ ed 88 deSCribed abWe - The value for x in Li i-y Ni °2 in this sarT >Ple is determined to be 0 08 
[0055] In the remaining cells, spot welding pulses are applied to the 0.254 mm (0.010") stainless steel case directlv 
.n contact with the cathode. When a 10 watt-sec. pulse is applied to the fully charged cells containing the 9 m2/g BET 
surface area lith.ated nickel dioxide, the cells exptode. When a 14 watt-sec. pulse is applied to the fully charged cells 
containing the 0.3 m2/g BET surface are lithiated nickel dioxide, no explosion occurs. Similarly, when a 15 watt-sec 
pulse is applied to the discharged cells containing the 9.0 rrftg BET surface area lithiated nickel dioxide, again no 
explosions occur. This example demonstrates that the lower surface area of the lithiated nickel dioxides of the present 
invention provide a thermally stable cathode-active material having improved safetv over the larger surface area ma- 
terials of the existing art. This Example also demonstrates that the thermal stability of the higher surface area material 
increases as the value for x in Li^NiC^ decreases upon discharge of the material, which shows that the material is 
destabilized by the de-intercalation of lithium. 

[0056] The foregoing description of the preferred embodiment should be taken as illustrating, rather than as limiting 
the present invention as defined by the claims. Numerous variations and combinations of the features described above 
can be utilized without departing from the present invention. 



Claims 



A method of making a lithiated nickel dioxide cathode-active material for an electrochemical cell, having a formula 
Li x Ni 2 . x . y M y 0 2 , wherein x is between about 0.8 and about 1 .0, M is one or more metals selected from the group 
consisting of cobalt, iron, titanium, manganese, chromium and vanadium, and y is less than about 0 2 with the 
proviso that y is less than about 0.5 for cobalt, which material is substantially free of lithium hydroxide and lithium 
carbonate, said method comprising the steps of: 

providing a substantially homogeneous dry intermediate mixture of a starting material comprising a nickel 
compound selected from the group consisting of nickel oxide, nickel hydroxide and mixtures thereof and 
optionally including one or more oxides or hydroxides of a transition metal selected from the group consisting 
of cobalt, iron, titanium, manganese, chromium and vanadium, together with between about a 1 0% and about 
a 25% stoichiometric excess of lithium hydroxide; and 

heat treating said mixture at a temperature above about 600'C in an atmosphere substantially free of carbon 
dioxide having a partial pressure ratio of oxygen to water vapor greater than about 15; and 
removing from said mixture any lithium hydroxide or lithium carbonate present to a level below 20,000 ppm 
for the sum of these compounds resulting in a BET surface area of less than about 3.0 m2/g. 

A method as claimed in claim 1 . characterized in that said step of providing said intermediate mixture includes the 
steps of contacting said starting material with a saturated aqueous solution of lithium hydroxide so as to form a 
slurry and evaporating water from said slurry. 

A method as claimed in claim 2, characterized in that said evaporating step is continued at least until an intermediate 
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mixture substantially devoid of free water is provided. 

4. A method as claimed in claim 3, characterized in that said evaporating step comprises the step of spray-drying 
said slurry. 

5 

5. A method as claimed in claim 1 , characterized in that said heat-treating step is conducted for at least one-half hour. 

6. A method as claimed in claim 5, characterized in that said heat-treating step is conducted for at least one hour. 

10 7. A method as claimed in claim 1 , characterized in that said heat-treating step is conducted at a temperature above 
about 700*0. 

8. A method as claimed in claim 7, characterized in that said heat-treating step is conducted at a temperature above 
about 800°C. 

75 

9. A method as claimed in claim 1 , characterized in that in said heat-treating step, said partial pressure of said carbon 
dioxide in said atmosphere is less than about 39.9 Pa (0.3 Torr). 

10. A method as claimed in claim 9, characterized in that in said heat-treating step, said partial pressure of said carbon 
20 dioxide in said atmosphere is less than about 13.3 Pa (0.1 Torr). 

11. A method as claimed in claim 10, characterized in that in said heat-treating step, said partial pressure of said 
carbon dioxide in said atmosphere is less than about 6.65 Pa (0.05 Torr). 

25 12. A method as claimed in claim 1 , characterized in that in said heat-treating step, said partial pressure ratio of oxygen 
to water vapor in said atmosphere is greater than about 15. 

13. A method as claimed in claim 12, characterized in that in said heat-treating step, said partial pressure ratio of: 
oxygen to water vapor in said atmosphere is greater than about 30. 

30 

14. A method as claimed in claim 13, characterized in that in said heat-treating step, said partial pressure ratio of 
oxygen to water vapor in said atmosphere is greater than about 100. 

15. A method as claimed in claim 1 , characterized in that said removing step comprises the steps of extracting said 
35 mixture with neutral water and recovering said mixture. 

16. A method as claimed in claim 15, characterized in that said recovering step comprises filtering said water from 
said mixture. 

40 17. A method as claimed in claim 16, characterized in that said removing step further comprises the step of drying 
said mixture after said filtering step. 

18. A method as claimed in claim 17, characterized in that said drying step comprises drying said filtered mixture at 
600°C in air. 

45 

19. A method as claimed in claim 17, characterized in that said drying step comprises freeze-drying said filtered mix- 
ture. 

20. A method as claimed in claim 15, characterized in that said mixture is extracted with one liter of water for every 
so 300 g of said mixture. 

21. A cathode-active material made by a process as claimed in claim 1. 

22. An electrochemical cell comprising a cathode containing the cathode-active material as claimed in claim 21, a 
55 counter-electrode capable of intercalating lithium, and an electrolyte. 

23. An electrochemical cell according to claim 22, characterized in that said counter-electrode capable of intercalating 
lithium, comprises graphitic carbon. 
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24. The electrochemical cell of claim 23, characterized in that said carbon is poorly graphitic. 

25. The electrochemical cell of claim 24, characterized in that said poorly graphitic carbon comprises coke. 

26. The electrochemical cell of claim 25, characterized in that said coke comprises petroleum coke. 

27. An electrochemical cell comprising an electrode comprising lithium, an electrolyte, and a cathode containing the 
cathode-active material as claimed in claim 21 . 

Patentanspruche 

1. Verfahren zur Herstellung eines lithiumhaltigen Nickeldioxid-kathodenaktiven Materials fOr eine elektrochemische 
Zelle. mit der Formel L, x Ni 2 . x . y M y 0 2 , worin x zwischen ca. 0,8 und ca. 1,0 ist, M ein Metall Oder mehrere Metalle 
ausgewahlt ausderGruppe. bestehend aus: Cobalt, Eisen, Titan, Mangan, Chrom und Vanadium, undy weniger 
als ca 0,2 ist mit der Bedmgung, daB y weniger als ca. 0,5 fur Cobalt ist und das Material im wesentlichen frei 
von Lithiumhydroxid und Lithiumcarbonat ist, umfassend die folgenden Verfahrensschritte: 

Bereitstellen einer im wesentlichen homogenen trokkenen Zwischenmischung eines Ausgangsmaterials um- 
fassend eine Nickelverbindung, ausgewahlt aus der Gruppe, bestehend aus: Nickeloxid, Nickelhydroxid und 
deren Mischungen, und wahlweise enthaltend ein Oder mehrere Oxide oder Hydroxide eines Ubergangsme- 
talls, ausgewahlt aus der Gruppe, bestehend aus Cobalt, Eisen, Titan, Mangan, Chrom und Vanadium zu- 
sammen mit e.nem zwischen ca. 10% und ca. 25% stochiometrischen OberschuB an Lithiumhydroxid; und 

Warmebehandeln dieser Mischung bei einer Temperatur von Ober ca. 600°C in einer Atmosphare, im wesent- 
lichen frei von Kohlendioxid, mit einem Partialdruck-Verhaltnis Sauerstoff:Wasserdampf grofler als ca. 1 5; und 

Entfernen aus dieser Mischung jegliches anwesenden Lithiumhydroxids Oder Lithiumcarbonats, bis zu einem 
Gehalt von unter 20.000 ppm fur die Summe dieser Verbindungen, was zu einem BET-Oberflachenbereich 
von weniger als ca. 3,0 m 2 /g fuhrt. lueieicn 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB der Verfahrensschritt des Bereitstellens der genannten 
Zw,schenm,schung die Schritte einschlieBt, das Ausgangsmaterial mit einer gesattigten waBrigen Losung von 
Lithiumhydroxid .n Kontakt zu br.ngen, um so einen Slurry zu bilden, und Wasser aus diesem Slurry zu verdampfen. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB dieser Verdampfungsschritt wenigstens so lange fort- 
gesetzt wird, bis eine Zwischenmischung bereitgestellt ist, die im wesentlichen frei von freiem Wasser ist. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB dieser Verdampfungsschritt den Schritt des Spruhtrock- 
nens dieses Slurry umfaftt. 

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der Warmebehandlungsschritt fur wenigstens eine 
halbe Stunde durchgefuhrt wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB dieser Warmebehandlungsschritt fur mindestens eine 
Stunde durchgefuhrt wird. 

7. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB der Warmebehandlungsschritt bei einer Temperatur 
von uber ca. 700°C durchgefuhrt wird. H 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB dieser Warmebehandlungsschritt bei einer Temperatur 
von ca. uber 800°C durchgefuhrt wird. F 

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt der genannte 
Partialdruck des Kohlendioxids in der Atmosphare geringer ist als ca. 39,9 Pa (0,3 Torr). 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt der genannte 
Partialdruck des Kohlendioxids in der Atmosphare weniger als ca. 1 3, 3 Pa (0, 1 Torr) betragt. 
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11. Vertahren nach Anspruch 10, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt der genannte 
Partialdruck des Kohlendioxids in der Atmosphare weniger als ca. 6,65 Pa (0,05 Torr) betragt. 

12. Vertahren nach Anspruch 1, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt das genannte 
5 Partialdruckverhaltnis von Sauerstoff zu Wasserdampf in dieser Atmosphare groBer als ca. 15 ist. 

13. Vertahren nach Anspruch 12, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt das genannte 
Partialdruckverhaltnis von Sauerstoff zu Wasserdampf in dieser Atmosphare groBer als ca 30 ist. 

10 14. Vertahren nach Anspruch 13, dadurch gekennzeichnet, daB in diesem Warmebehandlungsschritt das genannte 
Partialdruckverhaltnis von Sauerstoff zu Wasserdampf in dieser Atmosphare groBer als ca. 100 ist. 

15. Vertahren nach Anspruch 1, dadurch gekennzeichnet, daB der genannte Entfernungsschritt die Schritte des Ex- 
trahierens dieser Mischung mit neutralem Wasser und das Wiedergewinnen dieser Mischung umfaBt. 

15 

16. Vertahren nach Anspruch 15, dadurch gekennzeichnet, daB dieser Entfernungsschritt das Abfiltern des Wassers 
aus dieser Mischung umfaBt. 

17. Vertahren nach Anspruch 16, dadurch gekennzeichnet, daB dieser Entfernungsschritt weiterhin umfaBt den Schritt 
20 des Trocknens dieser Mischung nach dem Filtrierungsschritt. 

18. Vertahren nach Anspruch 17, dadurch gekennzeichnet, daB dieser Trocknungsschritt das Trocknen der gefilterten 
Mischung bei 600°C in Luft umfaBt. 

25 19. Vertahren nach Anspruch 17, dadurch gekennzeichnet, daB dieser Trocknungsschritt das Gefriertrocknen dieser 
gefilterten Mischung umfaBt. 

20. Vertahren nach Anspruch 15, dadurch gekennzeichnet, daB die genannte Mischung mit einem Liter Wasser pro 
jeweils 300 g der genannten Mischung extrahiert wird. 

30 

21. Ein kathodenaktives Material, hergestellt durch einen ProzeB gemaB Anspruch 1. 

22. Eine elektrochemische Zelle, umfassend eine Kathode, enthaltend das kathodenaktive Material gemaB Anspruch 
21, eine zur Einlagerung von Lithium geeignete Gegenelektrode und einen Elektrolyten. 

35 

23. Eine elektrochemische Zelle nach Anspruch 22, dadurch gekennzeichnet, daB die zur Einlagerung von Lithium 
geeignete Gegenelektrode graphitischen Kohlenstoff umfaBt. 

24. Elektrochemische Zelle nach Anspruch 23, dadurch gekennzeichnet, daB der genannte Kohlenstoff schwach 
40 (poorty) graphitisch ist. 

25. Elektrochemische Zelle nach Anspruch 24, dadurch gekennzeichnet, daB der schwach (poorly) graphitische Koh- 
lenstoff Koks umfaBt. 

45 26. Elektrochemische Zelle nach Anspruch 25, dadurch gekennzeichnet, daB der Koks Petroleum-Koks umfaBt. 

27. Elektrochemische Zelle, umfassend eine Elektrode, umfassend Lithium, einen Elektrolyten und eine Kathode, ent- 
haltend das kathodenaktive Material gemaB Anspruch 21 . 

50 

Revendications 

1. Methode de fabrication d'un materiau actif pour cathode, a base de dioxyde de nickel contenant du lithium, pour 
une pile electrochimique, ayant pour formule Li x Ni 2 . x . y M y 0 2 dans laquelle x se situe entre environ 0,8 et environ 
55 1,0, M est un ou plusieurs metaux choisis dans le groupe constitue par le cobalt, le fer, le titane, le manganese, 

le chrome et le vanadium, et y est interieur a environ 0,2, sous reserve que y soit inferieur a environ 0,5 dans le 
cas du cobalt, ledit materiau etant pratiquement exempt d'hydroxyde de lithium et de carbonate de lithium, ladite 
methode comprenant les etapes de : 
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fourniture d'un melange intermediaire pratiquement homogene et sec de matiere premiere comprenant un 
compose du nicke! choisi dans le groupe constitue par I'oxyde de nickel, I'hydroxyde de nickel et leurs melan- 
ges, et comprenant eventuellement un ou plusieurs oxydes ou hydroxydes d'un metal de transition choisi dans 
le groupe constitue par le cobalt, le fer, le titane, le manganese, le chrome et le vanadium, avec un exces 
stoechiometnque d'hydroxyde de lithium situe entre environ 10 % et environ 25 % ; et 
traitement thermique dudit melange a une temperature superieure a environ 600°C dans une atmosphere 
pratiquement exempte de dioxyde de carbone dont le rapport de la pression partielle de I'oxygene a celle de 
la vapeur d'eau est superieur a environ 15 ; et 

enlevement de tout I'hydroxyde de lithium et de tout le carbonate de lithium present dans ledit melange jusqu'a 
atteinte d'un niveau inferieur a 20 000 ppm pour la somme de ces composes avec en resultat une aire BET 
inferieure a environ 3,0 m 2 /g. 

2. Methode selon la revendication 1 , caracterisee en ce que ladite etape de fourniture dudit melange intermediaire 
comprend les etapes de mise en contact de ladite matiere premiere avec une solution aqueuse satur6e d'hydroxyde 
de lithium de facon a former une suspension et d'evaporation de I'eau de ladite suspension. 

3. Methode selon la revendication 2, caracteVisee en ce que ladite etape d'evaporation est poursuivie au moins jusqu'a 
ce que I'on obtienne un melange intermediaire pratiquement exempt d'eau libre. 

4. Methode selon la revendication 3, caracterisee en ce que ladite etape d'evaporation comprend I'etape de sechaqe 
de ladite suspension par pulverisation. 

5. Methode selon la revendication 1 , caracterisee en ce que ladite etape de traitement thermique est conduite pendant 
au moins une demi-heure. 

6. Methode selon la revendication 5, caracterisee en ceque ladite etape de traitement thermique est conduite pendant 
au moins une heure. 

7. Methode selon la revendication 1 , caracterisee en ce que ladite etape de traitement thermique est conduite a une 
temperature superieure a environ 700°C. 

8. Methode selon la revendication 7. caracterisee en ce que ladite etape de traitement thermique est conduite a une 
temperature superieure a environ 800°C. 

9. Methode selon la revendication 1 , caracterisee en ce que, dans ladite etape de traitement thermique, ladite pres- 
sion partielle dudit dioxyde de carbone dans ladite atmosphere est inferieure a environ 39,9 Pa (0,3 torr). 

10. Methode selon la revendication 9, caracterisee en ce que, dans ladite etape de traitement thermique, ladite pres- 
sion partielle dudit dioxyde de carbone dans ladite atmosphere est inferieure a environ 13,3 Pa (0,1 torr). 

11. Methode selon la revendication 10, caracterisee en ce que, dans ladite etape de traitement thermique ladite 
pression partielle dudit dioxyde de carbone dans ladite atmosphere est inferieure a environ 6,65 Pa (0,05 torr). 

12. Methode selon la revendication 1 , caracterisee en ce que, dans ladite etape de traitement thermique, ledit rapport 
de la pression partielle de I'oxygene a celle de la vapeur d'eau dans ladite atmosphere est superieur a environ 15. 

1 3. Methode selon la revendication 1 2, caracterisee en ce que, dans ladite etape de traitement thermique, ledit rapport 
de la pression partielle de I'oxygene a celle de la vapeur d'eau dans ladite atmosphere est superieur a environ 30. 

14. Methode selon la revendication 13, caracterisee en ce que, dans ladite etape de traitement thermique, ledit rapport 
de la pression partielle de I'oxygene a celle de la vapeur d'eau dans ladite atmosphere est superieur a environ 1 00. 

15. Methode selon la revendication 1, caracterisee en ce que ladite etape d'enlevement comprend les etapes d'ex- 
traction dudit melange par de I'eau neutre et de recuperation dudit melange. 

16. Methode selon la revendication 15, caracterisee en ce que ladite etape de recuperation comprend la filtration de 
ladite eau a partir dudit melange. 
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17. Methode selon la revendication 16, caracterisee en ce que ladite etape d'enlevement comprend en outre I'etape 
de sechage dudit melange apres ladite etape de filtration. 

18. Methode selon la revendication 17, caracterisee en ce que ladite etape de sechage comprend le sechage dudit 
5 melange fittre a 600°C dans I'air. 

19. Methode selon la revendication 17, caracterisee en ce que ladite etape de sechage comprend la lyophilisation 
dudit melange filtre. 

to 20. Methode selon la revendication 15, caracterisee en ce que ledit melange est extrait par un litre d'eau pour chaque 
300 g dudit melange. 

21. Materiau actif pour cathode prepare par un procede selon la revendication 1 . 

is 22. Pile electrochimique comprenant une cathode contenant le materiau actif pour cathode selon la revendication 21 , 
une contre-electrode capable d'intercaler le lithium, et un electrolyte. 

23. Pile electrochimique selon la revendication 22, caracterisee en ce que ladite contre-electrode capable d'intercaler 
du lithium comprend du carbone graphitique. 

20 

24. Pile electrochimique selon la revendication 23, caracterisee en ce que ledit carbone est peu graphitique. 

25. Pile electrochimique selon la revendication 24, caracterisee en ce que ledit carbone peu graphitique est constitue 
par du coke. 

25 

26. Pile electrochimique selon la revendication 25, caracterisee en ce que ledit coke est constitue par du coke de 
petrole. 

27. Pile electrochimique comprenant une Electrode contenant du lithium, un Electrolyte, et une cathode contenant le 
30 materiau actif pour cathode selon la revendication 21. 
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